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(57) Abstract 



The invention discloses a dark current compensation circuit for a CCD-unit. This dark current compensation circuit is 
characterized in that the dark current compensation is performed directly on the analog output signal from the CCD-unit the con- 
trol loop comprising parts of the digital signal processing of the signals from the CCD-unit so as to further achieve a compensa- 
tion for the temperature drift of said parts. 
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1 

Method and apparatus to compensate for the dark current and 
offset voltage from a CCD-unit. 



The invention relates to a circuit for com- 
pensating for the dark current and thermal drift in the 
output voltage from a CCD-unit. 

When using a CCD-unit for an image generating 
5 scanning it is generally known that it is necessary to 
compensate for the part of the output voltage origi- 
nating from the dark current and thermal drift of the 
CCD-unit. 

This compensation is usually effected either by 

10 compensating directly in the analog signal from the 
CCD-unit or by converting the analog signal into digit- 
al representations which are processed in a digital 
processing unit for that purpose. 

Both of these compensating methods suffer, 

15 however, from certain shortcomings. By compensating 
only the analog signal no compensation is made for the 
drift of the subsequent A/D-converter , thereby causing 
an essential error from the temperature dependent off- 
set voltage drift of this A/D-converter. 

20 If a digital processing unit is used for the 

compensation, drift in all the units positioned ahead 
of the processing unit can be compensated for, but this 
compensation is very troublesome as to computation and 
thereby also time consuming. Moreover, it is necessary 

25 to use an A/D-converter with a very high resolution if 
the compensation shall be effected sufficiently accur- 
ately. Moreover, this A/D-converter shall be fast, 
implying that this component gets very expensive. 

The purpose of the present invention is to pro- 

30 vide a method and an apparatus by which it is possible 
to effect the desired dark current and offset voltage 
compensation in such a way that the A/D-converter is 
included in the compensation loop without basing the 
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compensation on computations in a digital processing 
unit and without using a high resolution A/D-converter . 

This purpose is achieved by the method specified 
in the characterizing portion of claim 1. The use of 

5 this method allows for compensating for dark current 
variations in the CCD-unit and for compensating for all 
the temperature dependent variations of the output 
voltages and conditions of all elements in the circuit. 

By using a circuit with two time constants as 

10 specified in the characterizing portion of claim 2 a 
quick tracking of the compensation circuit is obtained 
upon its activation. 

Claims 4 and 5 indicate preferred embodiments of 
the invention, claim 5 particularly specifying how it 

15 is possible to use an A/D-converter for conversion and 
dark current compensation for line pulses from a CCD- 
unit with two outputs. 

Claim 3 defines a particularly advantageous 
embodiment of the circuit, and it will be seen that 

20 only one single A/D-converter with a resolution corres- 
ponding to the wanted grey tone resolution is necess- 
ary. 

The invention will now be described in more 
detail with reference to the drawings, in which 
26 Fig. 1 shows a circuit in accordance with the 

invention, and 

Fig. 2 shows a preferred embodiment of the " 
invention. 

Fig. 1 shows a circuit according to the 
30 invention. The purpose of the circuit is to convert 
analog signals from a CCD-unit 1 into digital repre- 
sentations. 

The output signal from the CCD-unit 1 is fed 
to a first amplifier. 2, from the output of which the 
35 signal is fed to another amplifier 3, the output 
signals of which is fed to an A/D-converter 4. The 
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A/D-converter is connected to a control logic circuit 
5 and a digital comparator 6. 

Control circuit 5 serves to control A/D-con- 
verter 4 and the comparator 6 and to supply, in 

5 dependence on the output 7 from comparator 6, 
control signals to an amplifier 8 and a switch 9 
via lines 10 and 11. 

CCD-unit 1 is of the type comprising a plura- 
lity of masked cells and the output voltage from these 

10 cells is used as a measure of the dark current in all 
of the cells of the CCD-unit. According to the inven- 
tion the voltage level from the masked cells in 
CCD-unit 1 is read out, the signal voltage is 
amplified in amplifiers 2 and 3 and converted into 

15 digital representations in A/D-converter 2. The com- 
parator compares said digital representations to a pre- 
determined digital number and supplies the result of 
the comparison to the control logic. 

If the comparator signal 7 indicates that the 

20 signal from the masked cells is too high, then the 
working point of amplifier 2 is shifted in a negative 
direction by supplying a positively moving signal from 
amplifier 8 to its negative input, said amplifier 8 
constituting together with the resistors 12 , 13, 14 

25 and capacitors 15 and 16 an integrator whose time 
constant can be changed by switch 9. This integrator is 
arranged so that the direction of the voltage changes *' 
at the output is determined by the voltage level on 
line 10. 

30 If the output signal from the A/D-converter is 

far from the optimum, switch 9 is closed, thereby 
materially reducing the time constant of the inte- 
grator. The time of activating switch 9 is controlled 
by control logic 5 controlling the switch via line 

35 11. When the output signal from the A/D-converter 
approaches the optimum, switch 9 is reopened and the 
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integrator operates at a high time constant* This pro- 
vides for obtaining a faster tracking. * 

When the output signal from the A/D-converter 
becomes too low, this is detected by control logic 5 

5 inverting the voltage on line 10, following which the 
direction of the change of the output voltage from the 
integrator changes. 

Under this control the output voltage of 
A/D-converter 4 always oscillates around the optimum 

10 value. The characteristic feature of the described 
control is that it includes almost all parts of the 
circuit whose drift may influence the output signal 
from A/D-converter 4. The control loop thus includes 
amplifiers 2 and 3, A/D-converter 4 and integrator 

15 8. This makes it possible to compensate for changes in 
the output voltages of said components, said changes 
being mainly due to thermal variations. 

Fig. 2 shows a preferred embodiment of the 
invention making use of a CCD-unit with two outputs. 

20 According to the invention the circuit associated with 
said CCD-unit is structured as shown in Pig. 2. The 
parts illustrated in Fig. 2 having the same function as 
in Fig. 1 are indicated by the same reference numerals. 
As it will appear, the circuit illustrated in Fig. 2 

25 consists substantially of two sets of circuit elements 
identical with those shown in Fig. 1. An amplifier 2 
or 2 ■ , an integrator 8 or 8 1 and a switch 9 or " 
9' are associated with each output from the CCD-unit. 
The output signals from amplifiers 2 and 2' are fed 

30 to switches 17 and 18. These switches provide for 
multiplexing the signal from amplifiers 2 and 2 1 to 
the input of amplifier 3.. 

The control loop is in this case composed of the 
same components as shown in Fig. 1, use being made, 

35 however, of a common A/D-converter 4 and a common 
comparator 6 for both outputs of the CCD-unit. 
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5 

An optimum utilization of the most expensive 
components of the control loop is attained by the above 
structure of the control loop, i.e. A/D-converter 4 
and comparator 6. 

5 In the above explanation it has been presumed 

that the CCD-unit is of the linear type, i.e. composed 
of a plurality of light-sensitive elements positioned 
along a straight line. In this way each read-put from 
the CCD-unit yields a representation of a line in the 

10 image to be scanned. This, however, involves another 
problem in the dark current compensation, because the 
latter has to be kept constant for each line to be read 
out. This problem is solved according to the invention 
by giving the integrators in association with ampli- 

15 fiers 8 and 8* so high time constants that their out- 
put signal will be approximately constant during the 
time it takes to read out one line from the CCD-unit. 

This high time constant of the integrators, 
however, causes the disadvantage that the tracking time 

20 of the control loop becomes very long. To obviate said 
disadvantage the integrators according to the invention 
are constructed to work at two time constants 
controlled by switches 9 and 9'. In a first position 
of the switches the integrators work at a low time 

25 constant used for tracking the control loop when is is 
far from the optimum dark current compensation, that is 
for instance the situation upon the starting-up of the 
apparatus or in case of big fluctations in the sur- 
rounding temperatures. In the second position of the 

30 switches the integrators work at a high time constant, 
thereby attaining the desired stable regulation around 
the optimum dark current compensation. 

The above specified structure of the integrator 
actually provides for obtaining a quick tracking to the 

35 optimum compensation and a stable regulation around 
this optimum compensation, thereby preventing the dark 
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6 

current compensation from changing during the read-out 
of one single line. 

Control logic 5 is not discussed in detail 
here, this being a circuit of conventional type. In a 

5 preferred embodiment of the invention the control logic 
is constructed by means of a programmable logic network 
since it is then possible to implement the control 
logic in one single circuit. 

In the preceding, the CCD-unit is regarded to be 

10 a separate unit capable of reading out its own signals. 
However, this is incidentally not the fact and in a 
practical embodiment of the invention it is necessary 
to provide the control signals necessary for the 
CCD-unit. When using a programmable logic network for 

15 the implementation of the control logic it is possible 
to implement the generation og said control signals in 
the control logic in a simple and economic manner. 
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PATENT CLAIMS 

1 . A method of compensating for the dark current 
and the offset voltage from a CCD-unit of the kind 
comprising a plurality of masked cells, the output 
voltage level from the masked cells being used as a 

5 measure of the dark current, characterized in 

- that the output voltage from the masked cells 
is converted from analog into digital form, 

- that the digital word representing the dark 
current is compared to a predetermined digital word, 

10 and 

- that in dependence on the result of the com- 
parison a shift of the offset voltage to an amplifier 
inserted in the signal path is effected until the digi- 
tal word representing the dark current equals the pre- 

15 determined word. 

2. A method as claimed in claim 1, characterized 
in that a CCD-unit with two output signals is used and 
that the compensation for the dark current is performed 
alternately for each of the output signals. 

20 3. An apparatus for carrying out the method 

according to claim 1, characterized in that it com- 
prises a control loop composed of an amplifier (2) f a 
buffer (3), and A/D-converter (4), a comparator (6), a 
control logic (5) and an integrator (8), the control 

25 logic being arranged to change the inclination of the 
ramp of the integrator in dependence on the signal from 
the comparator, and that the integrator (8) is intended 
to shift the zero point of the amplifier (2). 

4. An apparatus as claimed in claim 3, char - 
30 acterized in that the integrator (8) is adapted to work 

at least at two different time constants. 

5. An apparatus as claimed in claims 3 and 4, 
characterized in that switches (17 and 18) are inserted 
in front of the amplifier (3), said switches being 

35 controlled by the logic (5) and intended to multiplex 
signals from amplifiers (2 and 2'). 
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